According to Classical Mechanics and Electrodynamics, the trajectory of the center of mass of a neutral system of electrical charges can be deflected by an inhomogeneous magnetic field, even if its internal angular momentum is zero. This challenges the common belief about the function of the Stern-Gerlach apparatus, as resolving the eigen-states of an intrinsic angular momentum. Even more, the main evidence we have of the failure of Schrödinger's theory to explain the properties of atoms in presence of magnetic fields-without introducing spin variables-is not reliable: it's grounded on the assumption that the internal motion and the motion of the center of mass of a system of electrical charges are physically independent, which is not true wherever there is a magnetic field.
Introduction
Following a classical lagrangian approach, we'll prove that the motion of the center of mass and the internal motion of a system of electrical charges are not physically independent in presence of a magnetic field. They are coupled through a term in the Lagrange's function that appears as a consequence of the rules of transformation of electromagnetic field. This leads us to the conclusion that the trajectory of the center of mass of a neutral system of electrical charges can be deflected by an inhomogeneous magnetic field, even if its internal angular momentum is zero, challenging the common belief about the function of the Stern-Gerlach apparatus, as resolving the eigen-states of an intrinsic angular momentum.
Also, the main evidence we have of failure of Schrödinger's theory to explain the properties of atoms in presence of magnetic fields is not reliable, because the usual formulation of the problem [1, p. 541] is incorrect: it's based on the assumption that the energy of the motion of the center of mass and the internal energy of a system of electrical charges are physically independent, which is not true wherever there is a magnetic field, as we'll prove here, in a very simple but rigorous way. The problem of separating the internal motion and the motion of the center of mass becomes harder in relativistic mechanics, where there is not a covariant classical-pre-quantum-definition of the world-line of the center of mass and, therefore, orbital and internal energy cannot only be separated but cannot be defined in a covariant fashion.
The ideas exposed in this paper afford an explanation of the concept of spin derived from the Laws of Electrodynamics (Lorentz' and Ampere's) as applied to systems of electrical charges as wholes, but not as an intrinsic property of punctual particles.
Hydrogen Atom in an Uniform Magnetic Field
Let's consider the classical lagrangian of a hydrogen atom under the action of an external uniform magnetic field. The vector potential can be chosen as:
and the Lagrange's Function can be written as:
Let's do the substitution:
(where M = m p + m e ), in such way that:
Then we have
and
where µ is the reduced mass. The term − R ×˙ r depends of the position of the center of mass, which is physically unacceptable. However, given that
the function (5) can be replaced by:
where
and S = µ r ×˙ R.
If not were by the term 1 2 M˙ R 2 (7) looks like the Lagrange's Function of a system with an intrinsic angular momentum S. The corresponding momenta are:
From this we get the energy, that is a constant of motion:
The equations of motion are:
Considering equation (10), we can realize that the kinetic energy of the center of mass is not a constant of motion. Therefore, since the total energy is conserved, the internal motion and the motion of the center of mass are not independent: they are coupled nothing less than by the rules of transformation of electromagnetic fields. Of course, all of this is classical, but still holds for quantum mechanics.
The Hamilton's Function is:
and the Hamiltonian Operator:
After some algebra and the usual neglection of second order terms, (14) is transformed into:
We notice that:
In particular
showing that the usual formulation of the problem-that affords the main evidence we have of failure of Schrödinger's theory to explain the properties of atoms in presence of magnetic fields without introducing spin variables-is incorrect, since it is grounded on the assumption that the internal motion of an atom and the motion of its center of mass are physically independent, in particular, that the z component of the internal angular momentum is a constant of motion [1, p. 541], which is not true where there is a magnetic field, even if the terms of the second order in the intensity of the magnetic field are neglected [2, pp. 359-60] . This and the striking structure of function (7) cast doubts on the very existence of spins as intrinsic angular momenta. Actually, as we'll prove in next section, (7) is the correct Lagrange's Function for an atom in an inhomogeneous magnetic field, where H is simply replaced by H( R), and the corresponding equation of motion for the center of mass is:
Given that
for any external field, equation (19) can be written as:
or, based on similar reasons:
that can be simplified to
wherever the component of˙ R along H could be neglected. Equation (22) shows that the trajectory of the the center of mass can be deflected by the Stern-Gerlach apparatus even if L = 0. The term e c H ×˙ r that we have encountered before, predicts a spreading of a beam of atoms in the direction perpendicular to the magnetic field and to the overall direction of motion, even in a uniform magnetic field.
The gyromagnetic ratio of the internal angular momentum becomes zero where m p = m e , as happens with positronium, for which no contribution to the magnetic momentum results from the internal angular momentum. In those cases equation (21) is simplified to:
3 Atom in an Inhomogeneous Magnetic Field which is the same that (6), but with a magnetic field that depends on the coordinates of the center of mass, confirming our claim that classical mechanicsand therefore Schrödinger theory also, as follows from Ehrenfest's Theorempredicts the result of the Stern-Gerlach experiment. The Hamilton's Function and the Hamiltonian Operator take the same form as (13) and (14), respectively-where H is replaced by H( R).
